Results from the imp-i retarding potential analyzer by Serbu, G. P.
r 
1 
. RESULTS FROM THE IMP-I - 
, RETARDING POTENTIAL ANALYZER 
- ,  
' - B Y  
G. P. SERBU \ 
MAY 1964 
. - GODDARO SPACE FLIGHT CENTER 
GREENBELT, MARYLAND 
https://ntrs.nasa.gov/search.jsp?R=19640014015 2020-03-24T06:27:23+00:00Z
. 
RESULTS F R 0 M ” E  IMP-I RFSARDING 
POTENTIAL ANALYZER 
G. P. Serbu 
NASA-Goddard Space F l i g h t  Center  
Greenbel t ,  Maryland, USA 
ABSTRACT 
Presented  a r e  some preliminary experimental  r e s u l t s  ob ta ined  
wi th  a planar  geometry r e t a rd ing  p o t e n t i a l  analyzer  which was 
flown on the  IMP-I S a t e l l i t e .  The plasma energy spectrum f o r  
both ions  and e l e c t r o n s  was measured i n  t h e  range from 0 t o  
100 electron volts. Charged p a r t i c l e  dens i ty  neasurenents 
have been obta ined  coct inuously from 1000 k m  t o  38 e a r t h  r a d i i .  
magnitude i n  charged p a r t i c l e  dens i ty  a t  about 4.5 R E ,  similar 
t o  t h e  decrease deduced from w h i s t l e r  observat ions.  The e l e c t r o n s  
exh ib i t ed  thermal energ ies  f o r  geocentr ic  d i s t ances  less than 
4.5 RE.  The average e l e c t r o n  energy then increased gradual ly  
t o  va lues  above 100 electron v o l t s  a t  about 8 RE. 
The r e s u l t s  show a sharp  decrease of about an order  of 
The observed 
& s a t e l l i t e  p o t e n t i a l  w a s  less than 1 v o l t  pos i t i ve .  
INTRODWTI ON 
Measurement of t h e  ionized plasma enveloping t h e  e a r t h  
have been repor ted  on by numerous i n v e s t i g a t o r s  t o  da.te. The 
reg ion  t o  30 e a r t h  r a d i i  has been ex tens ive ly  t r ave r sed  by 
a number of s a t e l l i t e s ,  beyond t h i s  d i s t ance  measurements have 
been made from the Soviet  Lunik probes and t h e  American Mariner 
series. 
Primari ly  t h e  energy spectrum of p o s i t i v e l y  charged 
p a r t i c l e s ,  presumably protons,  has been inves t iga t ed ,  and only 
a few measurements on t h e  e l ec t ron  spectrum belaw le k e V  are 
a v a i l a b l e  to date. 
Presented are some prelimirnary experimental  resulOs ob- 
t a ined  wi th  a r e t a r d i n g  p o t e n t i a l  experiment designed -60 
measure t h e  number dens i ty  and the  energy of i ons  and elec.tirsns 
i n  t h e  energy range below 100 eV a t  d i s t ances  t o  30 e a r t h  r a d i i .  
2 INSTRUMENTATION 
The r e t a r d i n g  p o t e n t i a l  analyzer  g ives  information on 
t he  a r r i v a l  d i r e c t i o n  and energy d i s t r i b u t i o n  of both ions  
and e l e c t r o n s  up t o  100 eV. The de tec to r  is  a charged p a r t i c l e  
t r a p  of planar  geometry which is programmed wi th  appropr ia te  
vo l tages  such t h a t  t h e  oumber of charged p a r t i c l e s  Qf e i t h e r  
p o l a r i t y  can be measured sepa ra t e ly  a s  a func t ion  of a given 
energy i n t e r v a l .  
The charged p a r t i c l e  t r a p  is a c i r c u l a r  cup 7 c m  i n  
diameter mounted such t h a t  t h e  ape r tu re  is f l u s h  wi th  *he 
s a t e l l i t e  sk in ,  and so t h a t  i t  looked ou-k a t  r i g h t  angles  to 
t h e  s p i n  a x i s  of t h e  s a t e l l i t e .  
The ou t s ide  ape r tu re  is a hole  of 5 cm2 i n  a rea  over which 
is s t r e t c h e d  a f i n e  w i r e  mesh of 95% t ransmiss ion  t o  l i g h t .  
Surrounding t h e  ape r tu re  is a tungsten s u r f a c e  of 35 cm2 area 
which is e l e c t r i c a l l y  connected %o t h e  a p e r t u r e  gr id .  Spaaed 
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p a r a l l e l  t o  t h e  ape r tu re  and 4 mm behind it is t h e  r e t a r d i n g  
g r i d .  The c o l l e c t o r  is a d i sk  of tungs ten  which is, p a r a l l e l  
t o ,  and 4 mm behind t h e  r e t a r d i n g  g r i d .  The geometry and size 
of t h e  aper ture  and t h e  r e l a t i v e  spac ings  provide a view angle  
f o r  t h e  t r a p  of 5 s t e r a d i a n s .  F igure  1 shows t h e  t o t a l  viewing 
d i r e c t i o n  of t h e  t r a p  a s  i t  was spin-modulated a t  t h e  s a t e l l i t e  
s p i n  r a t e  of 22 r evo lu t ions  per minute. Nearly a l l  d i r e c t i o n s  
a r c  viewed during one r evo lu t ion ,  w i t h  t h e  sun vec to r  l y i n g  
wSchin 20° of t h e  normal t o  t h e  t r a p  once each r evo lu t ion .  
The c o l l e c t o r  cu r ren t  is measured by a logar i thmic  
ampl i f i e r  whose analog output  is presented d i r e c t l y  t o  te lemet ry ,  
The electrometer  s e n s i t i v i t y  is from 10 
of e i t h e r  p o l a r i t y ,  An i n t e r n a l  c u r r e n t  c a l i b r a t o r  is used 
to check the e l e c t r o n i c s  i n  f l i g h t .  
t o  amperes -11 
Figure 2 shows a schematic diagram of t h e  sensor and 
a l s o  t h e  sequence of vo l tages  programmed t o  t h e  va r ious  t r a p  
elements i n  order  t o  de f ine  t h e  four modes of opera t ion :  low 
(30 e V )  and high (100 eV) ion  spectrum and t h e  l o w  (30 eV) 
and high (100 eV) e l e c t r o n  spectrum. A mechanical programmer 
whlch opera tes  i n  synchronism wi th  t h e  t e l e m e t r y  sys t em,  is 
used t o  switch t h e  vo l t ages  t o  t h e  t r a p .  A s  an example, t h e  
low energy (30 eV) ion  spectrum is done a s  fol lows:  t h e  
a p e r t u r e  g r i d  and guard e l e c t r o d e  a r e  maintained a t  -30 v o l t s  
w i th  respec t  t o  t h e  s a t e l l i t e  s k i n ,  t hus  a l l  electrons wi th  
energy less than  30 e V  a r e  excluded from the t r a p  and a l l  
p o s i t i v e  ions a r e  acce le ra t ed  through t h e  ape r tu re .  The re- 
t a r d i n g  g r i d  vol tage  is changed i n  f i f t e e n  equal  s t e p s  between 
z e r o  v o l t s  and p lus  28 v o l t s .  A c u r r e n t  measurement is made 
and te lemetered a t  each r e t a r d i n g  p o t e n t i a l  s t e p .  Only those 
i o n s  wi th  energ ies  i n  excess of t h e  r e t a r d i n g  p o t e n t i a l  w i l l  
pass  through t h e  r e t a r d i n g  g r i d  and impinge on t h e  c o l l e c t o r .  
I n  t h i s  manner a c u r r e n t  vo l t age  c h a r a c t e r i s t i c  is obtained for 
i o n s  wi th  energy below 30 eV.  
. 
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. 
During the ion measurement photoemission current from 
the collector appear as a positive current with an expected 
magnitude of about amperes. As the collector views the 
sun the photoemission current amplitude will vary  as the cosine 
Qf the angle between the sun vector and the trap normal and 
it will be repetitive with the spin cycle, thus the photocurrent 
',an be corrected for in the data. A highly accurate solar 
aspect sensor is used to find the precise time that the sun 
vector lies in the plane normal to the trap. 
20-volt potential on the col lec tor  suppresses all p h c - b e i e a h r o ~  
emission from the collector. However, photoelectrons can be 
emitted from the grids and will appear as a negative current, 
the expected value being 5.10-10 amperes. Grid photoemission 
currents can also be easily corrected for i n  the electron data. 
The 30 eV and 100 eV i o n  spectra are obtained firs8 
and then the trap voltages are reversed and the 30 eV and 
100 eV electron spectra are obtained. The entire ion and 
electron sequence is repeated once every 10 minutes, each 
individual 15 step spectrum analysis is done within 5.4 seconds. 
The electron mode of operation is such that the positive 
3. RESULTS 
Figure 3 shows a 30 eV electron spectrum which was ob- 
tained at 2.2 earth radii (R ) geocentric distance. The data 
points are the measured current values, plotted on a logarithmic 
scale as a function of the known retarding potential voltage. 
The resultant semilogarithmic plat is a current-voltage char- 
acteristic which yields information on the mean energy and 
the density of electrons. The observed two orders of magnitude 
decrease in collector current with two volts negative retardakkon 
suggests a maxwellian distribution of electron velocities. A 
second component or high-energy "tail" to the distribution 
is noted beyond 2 volts. The primary slope yields a value of 
e 
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0 0.3 e V  o r  an equivalent  e l e c t r o n  temperature of 3500 K .  From 
t h e  governing equation: 
I = % N e V  - e A e  -ve/kTe 
- - 
- 
where I - is the  measured c u r r e n t ,  Ne t h e  e l e c t r o n  dens i ty ,  V - 
most probable v e l o c i t y ,  A a rea ,  v r e t a r d i n g  p o t e n t i a l ,  e 
e l e c t r o n i c  charge, k Boltzmann constant  and Te t h e  e l e c t r o n  
temperature.  We compute the  e l e c t r o n  dens i ty  i f  A ,  t h e  e f f e c t i v e  
a rea  is known. Low energy e l e c t r o n s  which normally would not  
impinge on t h e  aper ture  a r e  de f l ec t ed  i n t o  t h e  ape r tu re  along 
t h e  acce le ra t ing  +30 v o l t  e l e c t r i c  f i e l d  l i n e s ;  thus  a un- 
c e r t a i n t y  i n  t h e  e f f e c t i v e  c o l l e c t i o n  a rea  e x i s t s .  Using t h e  
geometric aper ture  area w e  compute a f l u x  of 5 x l 0 ~ ~ e l e c t r o n s / c m  sec,  
t h i s  flux could be a f a c t o r  of 10 too  l a r g e  due t o  t h e  c o l l e c t i o n  
a rea  uncer ta in ty .  Using equat ion (1) a f l u x  of 5 . 1 0 ~ ~ e l / c m  sec 
wi th  a meap energy of 0 . 3  eV a t  2.2 Re; i f  maxwellian i n  d i s -  
t r i b u t i o n ,  represents  a e l e c t r o n  dens i ty  of 3 . 5 ~ 1 0  el/cm . The 
high energyyomponent of 5 . 0  e V  h a s  an upper f l u x  value of 
3.10 el/cm sec. I t  hag been suggested by Hanson (1) t h a t  a t  
7000 km, approximately t h i s  a l t i t u d e ,  a 10 el/cm sec f l u x  of 
5 e V  photoelectrons e x i s t s .  These photoe lec t rons  a r e  formed a t  
a l t i t u d e s  above 300 km and diffusc along magnetic f i e l d  l i n e s ;  
Mariani (2) extended t h e  work of Hanson and describes t h e  ro le  
2 
2 
3 3 
8 2 
8 2 
t h a t  these ghotoelectrons may play-- in  t h e  explana t ion  of t h e  - u  
"equator ia l"  or "geomagnetic" anomaly. Since these  e l e c t r o n s  
a r e  cons t ra ined  t o  fol low f i e l d  l i n e s  t h e  f l u x  w i l l  drop off  
w i t h  t h e  oybp nf t h e  d i s t ance ;  thus  beyond 3 Re t h i s  f l u x  
should be below t h e  m n i n i m ~  s e n s i t i v i t y  of t h i s  experiment. 
I n  Figure 3 t h e  current t o  t he  t r a p  decreases  below 
the minimum ~ e n s i t i v i t y  a t  r e t a r d i n g  p o t e n t i a l s  g r e a t e r  than  
-12 v o l t s ,  thu@ fewer than lx107 electrons/cm sec e x i s t  wish 
/ ' 
2 
. 
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energy i n  excess  of 12 eV.  The two photoemission peaks corzela-ke 
w e l l  w i th  t h e  i n d i c a t e d  sua pos i t ion .  The magnitude of t h e  
photoemission c u r r e n t  is cons i s t en t  v i t h  t h e  va lue  of 5x10-' 
amperes computed on t h e  b a s i s  of s o l a r  i l l uminz t ion  of t h e  95% 
t r anspa ren t  g r i d .  
S a t e l l i t e s ,  is genera l ,  a r e  charged negat ive ;  Jastrow 2nd 
Pearse  (3), Beard and Johns011 (4 ) ,  owing t o  t h e  high v e l o c i t y  
of e l e c t r o n s  compared wi th  e i t h e r  t h e  v e l o c i t y  of t h e  s a t e l l i t e  
or the  thermal v e l o c i t y  of ambiect ions .  However, a i  very 
high a l t i t u d e s ,  and i n  i n t e r p l a n e t a r y  space,  where t h e  e l e c t r o c  
concen t r a t ions  a r e  smal l ,  a s a t e l l i t e  might tend  t o  have a n e t  
p o s i t i v e  charge due t o  t h e  pho toe lec t r i c  e f f e c t  (Ja  L A l ' P e r t  
e t  a l ,  5). 
p o t e n t i a l  d i f f e r e n c e  between s a t e l l i t e  and plasma a s  a 
consequence of t h e  accumulated charge, can be based OI= obse-ved 
cur ren t -vol tage  c h a r a c t e r i s t i c s ,  Loeb ( 6 ) ;  such a s  t h e  one i n  
F igure  3. Since a p o s i t i v e  p o t e n t i a l  w i l l  a c c e l e r a t e  ambiec'lc 
e l e c t r o n s  t o  t h e  s a t e l l i t e  t h e  measured e l e c t r o n  cErreEt w i l l  
not be r e t a r d e d  u n t i l  an opposing vo l t age  of equal  magnitude 
t o  t h a t  of t h e  s a t e l l i t e  p o t e n t i a l  is reached, A t  t h a t  p o t e c t i a l  
t h e  c h a r a c t e r i s t i c  w i l l  change s lope  and a f u r t h e r  i n c r e a s e  
i n  nega t ive  vo l t age  w i l l  r e t a r d  t h e  e l e c t r o n  c x r r e n t .  It 
is ev iden t  from the  da ta  of Figure 3 t h a t  a break i n  t h e  curve 
10 
A di rec t  measinement of t h e  n e t  charge,  or t h e  r e s u l t a n t  
could  e x i s t  f o r  p o t e n t i a l s  more nega t ive  than  +2 v o l t s ;  t h e r e f o r e ,  
t h e  s a t e l l i t e  p o t e n t i a l  is no t  more than  1 v o l t  p o s i t i v e ,  more 
probably it is only a f e w  t e n t h s  of a v o l t  Regative. There is 
not  evidence throughout t h e  magnetosphere t h a t  t h e  s a t e l l i + e  
p o t e n t i a l  is ever  p o s i t i v e .  
is  shown i n  F igure  4. The s lope  of t h i s  c h a r a c t e r i s t i c  y i e l d s  
a e leckron  energy value of 1.4 eV, or an equiva len t  gas  
* 
The 30 e V  e l e c t r o n  spectrum ob ta ined  a t  4,6 Re g e c c c c t r i c ,  
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9 2 temperature of 16,400°K. 
is computed from t h e  d a t a ,  assuming t h e  e f f e c t i v e  a rea  t o  be 
equal  t o  t h e  geometric a rea .  Converting t o  energy, F igure  4 
data  y i e l d s ,  2 . 2 ~ 1 0 - ~ e r g s / c m  sec, thus  when w e  compare t h i s  t o  
t h e  value of 1 t o  lOergs/cm sec f o r  p a r t i c l e s  w i th  E2200 e V  
obtained by t h e  Explorer X I 1  Cadmium Sulphide T o t a l  Energy 
Detec tor  (CSDTE) Freeman e t  a 1  (7 ) ,  it is apparent t h a t  a 
l a r g e  number of l o w  energy e l e c t r o n s ,  Es1.4 e V ,  e x i s t  i n  t h e  
second r a d i a t i o n  b e l t ,  however, t h e i r  energy eon tec t  r e p r e s e n t s  
only a s m a l l  f r a c t i o n  of t h e  t o t a l  p a r t i c l e  energy Gringauz 
e t  a 1  (8) i n f e r s  from t h e  Soviet  charge p a r t i c l e  t r a p s  t h a t  i n  
t h i s  region an e l e c t r o n  f l u x  of 10 electrons/cm sec w i t h  
ene rg ie s  below 200 e V  is present .  
A maximum f l u x  of 9x10 electrons/cm s e c  
2 
2 
9 2 
Figure 5 shows a consecut ive ser ies  of 30 e V  e l e c t r o n  
s p e c t r a  obtained between 7.2 and 8.3 Re. 
a l l  spec t r a  t h a t  a r e s i d u a l  nega t ive  c u r r e n t  component is 
measured even a t  t h e  maximum r e t a r d a t i o n  vol tage  of 28 v o l t s ,  
S imi la r  da ta ,  obtained a t  9.2 Re ,  is  shown i n  more d e t a i l  i n  
F igure  6 .  The r e s i d u a l  cu r ren t  amplitude is not  r o l l  modulated, 
t hus  a t  8.2 Re,  on t h e  s u n l i t  s i d e  of e a r t h ,  t h e  s a t e l l i t e  
c rossed  i n t o  a reg ion  of omnidi rec t iona l  e l e c t r o n s  wi th  energy 
i n  excess  of 100 e V  a t  a f l u x  value of 1 .5~18  eleckrons/cm sec .  
Gringauz e t  a 1  (9,10,11) observed, wi th  Lunik 1 and a l s o  wi th  
Lunik 2 and Mars 1, a f l u x  of (1-2x10 e?L/cm sec) a t  t h e s e  
d i s t a n c e s  wi th  an energy l a r g e r  than  200 e V ,  t h i s  r eg ion  has 
been labeled by him as " the  outermost b e l t  of charged p a r t i c l e s " .  
I t  is apparent from 
8 2 
8 2 
Figure 7 shows t h e  100 e V  ion  and e l e c t r o n  s p e c t r a  obta ined  
a t  9.0 and 9.1 Re. 
both t r a p s  a t  100 v o l t  r e t a r d a t i o n  i n d i c a t e s  t h a t  both i o n s  and 
e l e c t r o n s  a r e  present  i n  t h e  outermost b e l t  of charged p a r t i c l e s  
wi th  energ ies  i n  excess  of 100 eV.  The da ta  of Figure 7 may 
a l s o  be used t o  i l l u s t r a t e  t h a t  t h e  n e t  c u r r e n t  flow to t h e  
The omnidi rec t iona l  c u r r e n t  r e s i d u a l  i n  
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s a t e l l i t e  is e s s e n t i a l l y  zero.  A t  zero r e t a r d a t i o n ,  the cu r ren t  
f l o w  t o  the  c o l l e c t o r  should be r e p r e s e n t a t i v e  of any given 
a cons t an t  s a t e l l i t e  t o  plasma p o t e n t i a l  it must be shown t h a t  
t h e  n e t  cu r ren t  f l o w  t o  t h e  s a t e l l i t e  i s  zero. The photoemission 
c u r r e n t  c o n s t i t u t e s  a p o s i t i v e  cur ren t  f l o w ,  i.e. e l e c t r o n s  
f lowing outward from the s a t e l l i t e ,  which a c t s  over the  i l l u -  
minated cross s e c t i o n a l  a r ea  of the  s a t e l l i t e .  The negat ive  
c u r r e n t ,  is on t h e  o the r  hand, e f f e c t i v e  over t h e  e n t i r e  a rea  
of t h e  s a t e l l i t e ,  s i n c e  the ambient e l e c t r o n  v e l o c i t y  exceeds 
t h e  s a t e l l i t e  v e l o c i t y ,  and so e l e c t r o n s  d i f f u s e  inward f r o m  
a l l  d i r e c t i o n s .  I n  order t o  have a n e t  ze ro  c u r r e n t  f l o w  the  
r a t i o  of the photocurrent  t o  e l e c t r o n  c u r r e n t  must be equal  to 
4 which is t h e  inve r se  r a t i o  of t h e  a r e a s  t o  which t h e s e  c u r r e n t  
f l o w s  a r e  e f f e c t i v e .  From Figure 7 t h e  c u r r e n t  r a t i o s  a t  zero 
v o l t  r e t a r d a t i o n  a r e  seen t o  be 4; t hus  t h e  t r a p  c u r r e n t s  a t  
zero r e t a r d a t i o n  a r e  i n f e r r e d  t o  be r e p r e s e n t a t i v e  of t he  over- 
a l l  c u r r e n t  flow t o  t h e  s a t e l l i t e  and w e  deduce t h a t  t he  
equ i l ib r ium s a t e l l i t e  p o t e n t i a l  i n  s u n l i g h t  is s t a b i l i z e d  near 
zero v o l t s .  
. a r e a  on the  s u r f a c e  of t h e  s a t e l l i t e ,  t h u s  i n  order  t o  maintain 
8 
The d a t a  i n  F igure  8 is r e p r e s e n t a t i v e  of t he  t r a p  c u r r e n t s  
a t  d i s t a n c e s  beyond 16.2 Re geocentr ic .  
c u r r e n t s  have been p l o t t e d  a s  a f u n c t i o n  of o r i e n t a t i o n  r e l a t i v e  
t o  t h e  sun, t h i s  p r e s e n t a t i o n  was chosen s i n c e  a t t empt s  at 
6 p l o t t i n g  the  c u r r e n t s  a s  a funct ion of r e t a r d i n g  vo l t ages  were 
f r u i t l e s s .  A f t e r  s u b t r a c t i n g  out d a t a  p o i n t s  which a r e  due to 
photoemission, the  dashed curve;  a r e s i d u a l  n e t  c u r r e n t  i o  both  
t r a p s  is evident  a t  90 degree clockwise r o t a t i o n  from the  sun,  
in.  t h e  a n t i - s o l a r  d i r e c t i o n  the c u r r e n t s  t o  t h e  t r a p  drop below 
lxlO-'' amperes. 
t h e  t r a p  c u r r e n t s  i t  is evident  t h a t  the  nega t ive  c u r r e n t  
measurement r e p r e s e n t s  a n e t  negat ive charge e n t e r i n g  t h e  t r a p  
P o s i t i v e  and negat ive  
6 
Since t h e  r e t a r d i n g  p o t e n t i a l s  do not effect  
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w i t h  energies  i n  excess of 100 e V ,  and t h a t  t h e  p o s i t i v e  c u r r e n t  
measurement r e p r e s e n t s  a sum of n e t  p o s i t i v e  charge p lus  secondary 
e l e c t r o n  emission. Assuming a secondary e l e c t r o n  emission 
e f f i c i e n c y  of 10% these observa t ions  a r e  c o n s i s t e n t  with t h e  
computation t h a t  what is seen  beyond 16.2 Re ,  i . e .  i n  t h e  s o l a r  
wind region i s  a n e t  f l u x  of both ions  and e l e c t r o n s  of t h e  
order  of 10 par t ic les /cm sec w i t h  ene rg ie s  i n  excess  of 100 e V .  8 2 
8 
4. CONCLUSIONS 
An o v e r a l l  summary of t hese  observa t ions  may be made wi th  
t h e  use of Figure 9 ,  which is a p l o t  of t h e  e l e c t r o n  f l u x  
as  a func t ion  of geocenjxic d i s t ance .  The t h r e e  p l o t t e d  curves 
w e r e  computed from t h e  negat ive c u r r e n t  i n  t h e  t r a p  found i n  
t h e  0 t o  -5 v o l t  r e t a r d a t i o n  i n t e r v a l ,  t h e  -5 t o  -10 v o l t  
and t h e  -100 v o l t  i n t e r v a l .  
The f l u x  of e l e c t r o n s  wi th  ene rg ie s  OsEg5 e V  shows a 
s t e e p  decrease wi th  d i s t ance  between 3 and 5 Re. 
of e l e c t r o n  drop-off is  i n  agreement wi th  w h i s t l e r  obse rva t ions ,  
Carpenter (12) r e f e r s  t o  t h e  decrease a s  t h e  "equa to r i a l  knee" 
and p o i n t s  ou t  t h a t  t h e  e q u a t o r i a l  knee moves f u r t h e r  out; i . e .  
beyond 3 Re,  dur ing magnet ical ly  q u i e t  per iods .  
3 Re w e  no te  t h a t  %he f l u x  i n  t h e  energy i n t e r v a l  5 g E ~ 1 0  e V  
is decreasing wi th  d i s t ance .  This  energy i n t e r v a l  con ta ins  
t h e  previously mentioned Hanson photoe lec t rons ,  e v i d m t  i;r, 
F igure  2.  Furthermore t h e  drop o f f  i n  f l u x  ev ident  i n  F igure  9 
l ends  c r e d u l i t y  t o  our b e l i e f  t h a t  i n  t h i s  r eg ion  we observe 
a f l u x  of t rapped photoe lec t rons  produced a t  a l t i t u d e s  above 
300 km. 
This  type  
Out t o  about 
Beyond 3 Re an inc rease  i n  t h e  f l u x  of e l e c t r o n s  wi th  
energy 5sEs10 e V  is noted,  a t  7 Re t h i s  f l u x  is comparable to 
t h e  f l u x  of lower energy e l e c t r o n s .  The e r r o r  b a r s  i n  t h e  
f i g u r e  ref lect  t h e  prev ious ly  d iscussed  u n c e r t a i n l y  i n  t h e  
" e f f e c t i v e  c o l l e c t i o n  area" .  Thus t h e  o v e r a l l  p i c t u r e  is m e  
e 
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of an i n i t i a l  sharp  decrease i n  thermal e l e c t r o n  concent ra t ion  
accompanied by an inc rease  i n  the  average energy of e l e c t r o c s ,  
such t h a t ,  a t  some 7 Re geocentr ic  t h e r e  a r e  nea r ly  a s  many 
electrons wi th  energy g r e a t e r  than 5 e V  a s  t h e r e  a r e  those  
with energy below 5 e V .  A t  8.2 Re geocent r ic ,  on t h e  s u n l i t  
s i d e  of e a r t h ,  with a payload-earth-sun angle  of 25 degrees ,  
a f l u x  of 2x10 electrons/cm sec omnidirect ional  e l e c t r o n s  
w i t h  energy g r e a t e r  than 100 e V  is observed. There is no 
s i g n i f i c a n t  v a r i a t i o n  i n  t h i s  f l u x  r a t e  a c r o s s  t h e  magnetosphere; 
t h e  magnetosphere boundary was determined through t h e  IMP-I 
magnetometer da t a  of N e s s  (12). Beyond 16.2 Re t h e  f l u x  of 
t h e s e  omnidi rec t iona l  p a r t i c l e s  drops o f f  sharp ly .  Whereas, 
c r o s s i n g  of t h e  magnetosphere boundary is not  ev ident  f r o m  
t h e  t r a p  d a t a ,  t h e  c r o s s i n g  of t h e  shock f r o n t  is. On t h e  
e a r t h  s i d e  of t h e  shock f r o n t  the t r a p  c u r r e n t s  a r e  governed 
by t h e  r e t a r d i n g  p o t e n t i a l  vo l tages ,  o u t s i d e  t h e  shock f r o n t  
t h e  t r a p  c u r r e n t s  a r e  governed by t h e  t rap-sun angle  o r i e n t a t i o n ,  
4 
0 
8 2 
The r ecen t  controversy Gringauz (13) ,  Van Al len  (14) ,  
concerr,ing the  observa t ions  of p a r t i c l e s  i n  t h e  outermost 
be l t  of charged p a r t i c l e s  and whether or not  t h e s e  p a r t i c l e s  
a r e  t rapped is not reso lved  on the  b a s i s  of t h e s e  IMP obse rva t ions ;  
s i n c e  it is p o s s i b l e  t o  exp la in  t h e  observed constarrt f l u x  
a c r o s s  t h e  magnetosphere boundary e i t h e r  on t h e  b a s i s  of some 
unkzown mechanism for  s o l a r  wind p e n e t r a t i o n  a s  suggested by 
4 Gririgauz or on t h e  b a s i s  t h a t  t h e  t o t a l  t rapped  f lux  i n s i d e  t h e  
boundary just equals  t h e  f l u x  ou t s ide  t h e  bouidary,  a p o s s i b i l i t y  
not  excluded by t h e  measurements of Explorer XI1 and IV, Frank 
e t  a 1  (15). 
6 
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FIGURE CAPTIONS 
Figure 1 - Location and Viewing Sphere of the Retarding Potential 
Analyzer Aboard the IMP-I Satellite. 
b 
Figure 2 - Schematic Diagram of Sensor and the Various Programmed 
Voltages . 
Figure 3 - The 30 eV Electron Spectrum for 2.2 Re Geocentric. 
Figure 4 - The 30 eV Electron Spectrum for 4.6 Re Geocentric. i 
Figure 5 - A Successive Series of 30 eV Electron Spectra 
Depecting the Transit into a Region Characterized by 
a Residual Current in the Trap, Due to a Omnidirectional 
Flux of Electrons. 
Figure 6 - The 30 eV Electron Spectrum for 9.2 Re Geocentric. 
Figure 7 - The 100 eV Ion and Electron Spectra Obtained at 
9.0 Re and 9.1 Re Geocentric. 
I 
Figure 8 - The Ion and Electron Currents Plotted as a Function 
of Trap-Sun Angle Orientation. These Responses 
Typify the Data Obtained at Distances Beyond 
16.2 Re Geocentric on the first IMP-I Orbit. 
Figure 9 - Plot of the Electron Flux as a Functisn of Geocentric 
Distance. Three Electron Energy Intervals are Shown. 6 
? 
c 
6 
w 
4 
0 e 
0 
I- 
4 
0 
w 
I c 
e -
'I W 
I 
W 
+ 
a 
0 
I- 
CI 
Lrl 
I 
W 
a 
LJ 
v) 
> 
00 cv 
C L  
s 
0 > 0 > 0 W CL 
U 
I ~ cv + cu, + 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
0 - 
cv 
€ 
0 
Ln 
II 
U 
Lrl 
U 
W 
m > 0 
0 
v 
> 
0 cv 
I 
0 
0 0 cv + 4 
0 
m 
m 
= + 
W 
7 
I I 
=I n U 
n a 
> 
8 a I- 
W a 
10 -11 
IMP A r ELECTRON MODE c 2.2 Re 11-27-63 
10 
8 
- 0.3e-v FLUX 5x10 el/cm2 sec - 5.0e-v FLUX 3x10 el/cm2 sec 
I z a z = m /.-SPIN PERIOD-7 
UPPER 
UPPER 
LIMIT 
LIMIT 
0 -2 -10 -20 -28 
RETARDING POTENTIAL (VOLTS] 
10 -’ 
a 5 10 -9 
CI 
lo-” - 
0 
IMP A 
ELECTRON MODE 
11-27-63 
4.6 Re 
-10 -20 -28 
RETARDING POTENTIAL (VOLTS) 
00 
N 
I 
Q) 
cy 
rn 
ai  
Q, 
LIL 
a 
z 
0 
I 
j i 
c 
- 
v) 
w 
w e 
a 
I- z 
w 
a 
E -
a a 
x 
0 
z 
0 
U 
I- o 
w 
4 
w 
10 -7 
10 -* 
10 -9 
1 O-’O 
lo-” 
0 
IMP A 
ELECTRON MODE 
11-27-63 
9.2 Re 
-1 0 -20 
RETARDING POTENTIAL [VOLTS] 
-28 
33s W3) SNOIl13313 
(l- z- 
I 
e 
=E m 
I 
00 0 c OI h 
-a 
-0 z 
Y E  
0- 
-0 e C 
* o - - r  
+ 00  
-0- 2 ,  d 
W P  
+ w  
-0 Q Tki 
+ -  
C 
w 
0 
1- (335 $0) SNOlOad 
z 
0 
~ / _ _ _ _ _ _ _ _ -  ---- --- 0 0 
~ Q) 
0 
0 
0 
0 
cy 
-------__ 
00 
0 
0 
Q) 
7 
_____- - - - - - -  
&a ---__ 
I_ 1 1 1 d 
0 0 
a0 Q) u c 
7 ? 
c 0 0 c c
0 
c c 
10' 
lo 
I 
' m  
10" 
1d 
10' 
10; 
10' 
10' 
10' 
IMP A 
11-27-63 
ORBIT No.1 OUT 
I 
I I I 
O<E<S (e-v) 
I I I 
1 
T % E 4 0  (e-v) 
J 
